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The hippocampus: The shock of the new
Howard Eichenbaum
Recent successes in functional brain imaging have
suggested that the hippocampus is part of a novelty-
detection network; but consideration of the available
evidence and of the cognitive demands of novelty
processing suggests that things are not so simple.
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The hippocampus has been implicated in memory by
three decades of research on human amnesia. There are
limitations, however, to the extent that normal function
can be characterized by studying brain-damaged subjects.
With this in mind, several investigators have sought to
improve our understanding of hippocampal function in
normal human subjects using functional brain imaging,
which can (indirectly) measure neural activation during
behavior. Early efforts to turn on the hippocampus during
memory performance found it a “recalcitrant target” [1].
More recently there has been a flurry of successful
imaging studies relating hippocampal activity to aspects of
human memory (reviewed in [2]). These studies have led
to several proposals about the kind of memory processing
mediated by the hippocampus in humans – in particular,
that the hippocampus is part of a ‘novelty-detection’
network. But closer consideration of the cognitive
demands associated with novelty processing, and the evi-
dence for hippocampal involvement in the process, sug-
gests that the hippocampus does more than just look for
something new.
Perhaps the simplest way to activate the hippocampus is
to present a subject with novel stimuli. From their
observation of hippocampal activation during presentation
of unfamiliar National Geographic scenes, Tulving et al. [3]
suggested that the hippocampus is part of a novelty-
detection network. Consistent with these findings,
Stern et al. [4] reported activation of the hippocampal
region during presentation of novel magazine photos, and
Kanwisher et al. [5] observed a similar effect with faces
and objects. Perhaps the most impressive demonstration
of the novelty effect is the finding of greater hippocampal
region activation for the first, compared with the second,
presentation of visual ‘noise’ patterns [6] (Figure 1). The
amount of activation for novel pictures has now been
related to later recognition of the items [7]; extending and
elaborating the notion of a novelty-detection network,
Strange et al. [8] have recently suggested a segregation of
novelty-detection activities within the hippocampal
region. They distinguished activation in a bilateral poste-
rior region, which was related to the novelty of the seman-
tic properties of verbal information, from activation in a
left anterior hippocampal region, which was related to the
novelty of both semantic and perceptual characteristics of
the presented verbal items.
The notion that the hippocampal region is specifically
involved in novelty detection is confronted by two sorts of
problems: first, evidence that is contradictory to the novelty
effect; and second, evidence for a more complex functional
architecture within the hippocampal region. With regard to
the first problem, there exists substantial data that is not
readily handled by the novelty-processing scenario. As
reviewed by Cohen et al. [2], there are studies that have
found differences in activation across conditions where
there was no difference in the novelty of the stimuli, as
Figure 1
A particularly impressive example of activation of the right human
hippocampus during presentation of novel stimuli. The stimuli (top)
were visual noise patterns, and the brain activation associated with
novelty (bottom) was measured by subtracting from the level of
activation during first presentation that associated with a second
presentation of the same stimulus patterns. The resulting areas of
activation associated with novelty are plotted in color, where the
difference exceeded a statistical threshold. The view of the brain is a
coronal section through the hippocampal region, indicating activation
localized within the right hippocampus.
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well as other studies that show the same levels of activation
across conditions were novelty was intentionally varied.
Even more problematic are several studies in which
greater activation was observed for old items than for
novel ones, a pattern opposite to what would be predicted
by the novelty effect. This has led to the suggestion that
memory functions may be segregated, such that the
anterior hippocampal region may be more involved in
encoding novel information [9–11], whereas the posterior
hippocampus may be more involved in memory retrieval.
Nevertheless, some studies (for example [4]) have found
impressive evidence that activation in response to novel
pictures occurs primarily in the posterior hippocampal
region. The possibility that the parcellation of functions
within the hippocampal region might rescue the novelty
notion is further complicated by the possibility that the
novelty effect may be localized in the cortex surrounding
the hippocampus, rather than in the hippocampus itself
[12]. Overall, these findings suggest that novelty per se
might not be the primary variable responsible for activa-
tion within the hippocampus.
An alternative hypothesis distinguishes the initial encoding
of novel stimuli in the cortex outside the hippocampus
from something more complicated going on inside the hip-
pocampus. Consistent with this view, Gabrieli et al. [13]
localized the novelty effect to the cortex surrounding the
hippocampus; they found that the hippocampus itself was
activated when memories of pictures were retrieved during
presentation of the names of the objects pictured. Other
recent studies found activation of the hippocampus itself
associated with encoding or retrieval involving complex
associations among stimuli [14–16], suggesting a general
role in processing stimulus relationships. This conclusion is
consistent with characterizations of the firing properties of
single hippocampal neurons in humans and animals; across
species, the activity of hippocampal cells is associated with
a broad range of complex relationships between stimuli
[17–19]. Although novelty responses of single neurons
have been observed, responses to the novelty of particular
stimuli are prevalent only in the cortex surrounding the
hippocampus [20,21], whereas hippocampal neurons are
activated when the animal is presented with novel arrange-
ments of familiar stimuli [22,23]. 
This kind of functional segregation is supported by a
recent study [24] where activation of the immediate–early
gene c-fos was measured during behavior in rats. The
observed activation associated with single novel stimuli
was localized to the cortex surrounding the hippocampus,
whereas the hippocampus itself was activated during pre-
sentation of novel spatial arrangements of the same
stimuli. Furthermore, consistent with the physiological
data, the evidence from studies of selective brain damage
indicate a more important role for the cortex surrounding
the hippocampus in the recognition of individual stimuli
[21,25]. The hippocampus itself seems to be required for
more complex forms of memory processing, including the
capacity for conscious recollection (declarative or episodic
memory), and memory for spatial or other types of stimu-
lus relations [26]. 
Even if further studies succeed in localizing a novelty
effect within the hippocampus itself, we must consider
two implications of novelty detection for cognitive pro-
cessing. First, the detection of novelty is a complicated
process that requires perceptual identification plus some
sort of matching — or failure to match — to stored repre-
sentations of similar items. Second, assuming the stimulus
is important, the detection of its novelty probably results
in elaborative processing to encode the relationships
among elements that compose a complex item (such as a
scene), as well as relationships between the new item and
existing information in our memory networks. Martin [27]
recently reached the conclusion that that the hippocam-
pus is obligatorily activated to record new events in any
situation. The same conclusion was reached by Morris and
Frey [28], on the basis of neural plasticity studies, and by
my colleagues and me [17] from the firing properties of
hippocampal neurons. The challenge for all of us is to
determine the kinds of memory processing required for,
and incited by, the detection of novel information.
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